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SUMMARY 
RESPIRA TION 
Uniform samples of gladiolus corms were stored at constant 
temperatures of 0°, 5°,10°,21 ° and 32°C. The r espective rates of 
respiration were determined at frequent intervals throughout 
the dormant season by measuring the quantity of carbon diox-
ide evolved from a known weight of corms. 
1. The respiratory intensity of Giant Nymph and Souvenir 
corms decreased rapidly during the first month of storage and 
then diminished more gradually with occasional fluctuations 
and a slight rise at 32°C. toward the end of the storage period. 
2. Souvenir corms respired more rapidly than Giant Nymph. 
3. Factors other than temperature influenced the physiolog-
ical behavior of the gladiolus corms in storage. 
4. Considerable shrinkage occurred during dormancy, par-
ticularly at high temperatures. 
5. Moisture content of the corms undoubtedly influenced 
the rate of respiration. 
CHEMICAL ANALYSES 
Samples of the corms for carbohydrate-nitrogen analyses 
were taken at the beginning, the middle and the end of storage 
at 0°, 5°, 10°, 21 ° and 32°C. 
1. Sugars accumulated in the gladiolus corms during dor-
mancy, particularly at O°C. 
2. Reducing sugars were not abundant in the corms, and 
were minimized by high storage temperatures. 
3. The starch content was high, varying from 9 to 14 per-
cent of the fresh weight for the varieties studied. A slight de-
crease in starch occurred during storage. 
4. The acid hydrolyzable substances increased throughout 
the dormant period. 
5. The nitrogen content of the corms remained fairly con-
stant in storage at low temperatures. At high temperatures 
fluctuations in the nitrogenous material were common in Giant 
Nymph, but with Souvenir a consistent rise was noted during 
dormancy. 
6. The chemical composition of the different varieties of 
gladiolus corms studied was not uniform. 
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MORPHOLOGY 
Samples of buds from corms stored at 10°, 21° and 32°0. 
were collected at monthly intervals through the dormant period 
and preserved in killing fluid. In March the remaining 
corms were planted in the greenhouse and samples of the de-
veloping inflorescence collected at weekly intervals until an-
thers and ovules were prominent in the flower. Stained serial 
sections of these samples were examined. 
1. Buds were conspicuous early in the development of the 
new corm and remained in a vegetative condition during the 
major part of storage, with active leaf development toward the 
end of the rest period. 
2. Differentiation of flower primordia in Giant Nymph and 
Souvenir occurred during the current growing season 3 to 4 
weeks after planting the corms. 
3. Plants from corms previously stored at high temperatures 
developed more rapidly, and differentiation of the floral parts 
was correspondingly accelerated. 
4. Flower primordia emerged from the new corm and ap-
peared to be only indirectly associated with the mother corm. 
5. The history of development in the varieties studied was 
identical except that Souvenir produced inflorescence slightly 
in advance of Giant Nymph. 
GROWTH RESPONSES 
After the respiration studies were terminated in 1931 the 
corms were removed from: the respiration chambers and planted 
in the field. In 1932 the corms were removed from the respira-
tion chambers at an earlier date and forced in the greenhouse. 
Records were taken on the various phases of growth. 
1. Storage of corms at temperatures below 5°0. was unsat-
isfactory from the standpoint of flower production and general 
vigor of the plant. 
2. Judging from the general growth of the plants in the field, 
the storage at 10°0. was slightly superior to the treatment 
at 5°0. 
3. Excellent flower spikes and early bloom were obtained 
from Giant Nymph and Souvenir corms stored at 32°0. and 
forced in the greenhouse. 
4. Storage at 32° O. stimulated the · general growth of the 
corms after planting and hastened maturity. 
5. Giant Nymph, a gladiolus which matures relatively late 
in the growing season, responded more favorably to the high 
storage t emperature treatment than Souvenir, a variety which 
matures early. 
Growth Responses of the Gladiolus as 
Influenced by Storage 
T emperatures1 
By DAVID C. FAmnURN2 
The gladiolus, one of the most popular ornamental bulbous 
plants, is a tender perennial and will not survive if exposed to 
severe winter weather. The corms must be removed from the 
garden in the fall and stored until planting time in the spring. 
The conditions to which the corms are subjected during stor-
age determine to a large extent the growth responses the fol-
lowing season. Consequently, this phase of gladiolus culture 
is of paramount importance. The present knowledge regard-
ing proper storage temperatures is far from comprehensive. 
Further study is necessary, and the following investigation 
concerned with the physiology, morphology and growth re-
sponses of gladiolus corms, is designed to contribute additional 
information relative to the problem of storage temperatures. 
HISTORICAL 
Other factors being equal, the rate of plant respiration is, 
within certain limits, directly proportional to the prevailing 
temperature. Miiller-Thurgau and Schneider-Orelli (30) were 
among the first to find that high temperature treatments of lily-
of-the-valley rhizomes and potato tubers during storage, short· 
ened the rest period and hastened the development of flowers. 
Data reported by Bailey and Gurjar (5), Hopkins (21) and 
Harding (15) definitely show the close relationship between 
temperature and respiratory intensity. 
Hasselbring (19) and Hasselbring and Hawkins (18) have 
ascertained the variability of the carbohydrate fractions of 
narcissus bulbs and sweet potatoes during storage. Appleman 
(2) has found that after-ripening does not involve the hydro-
lysis of proteins in potato tubers. 
Jones (22, 23), Pfeiffer (32) and Watkins (37) detected 
the formation of flower primordia in the gladiolus during the 
1 Project 263 of the Iowa Agricultural Experiment Sta tion. 
2 The author is indebted to Prof. B. S. Pickett. Prof. E . C. Volz. Dr. W. E. 
Loomis and Dr. J. E. Sass of Iowa State College for their constant Interest 
anrl generous ass istance in this project. 
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current growing season shortly after planting. The time of 
flower differentiation varied with different varieties. Blaauw 
(6) and his associates (7, 8, 29) have found that previous 
storage temperatures may stimulate or inhibit the processes of 
flower formation in hyacinths and tulips. 
EXPERIMENTAL 
RESPIRA'TION 
MATERIALS AND METHODS 
In the spring of 1930, corms of the gladiolus varieties, Giant 
Nymph and Souvenir, were planted in fertile loam soil. New 
corms were harvested late in the fall and used in the respira-
tion studies of 1930-31. The following year new corms of Giant 
Nymph and Souvenir were raised and used in further respira-
tion experiments. 
The respiration apparatus is shown in fig. 1. The air was 
drawn through a pu.rification train which included two small 
bottles containing 50 percent potassium hydroxide to remove 
traces of carbon dioxide and two large bottles containing 43 
percent sulfuric acid to partially control the relative humidity 
of the air entering the respiration chamber. The respiration 
chamber was a heavy glass battery jar fitted with an air-tight 
plate-glass lid in which there were three I-inch holes to provide 
for the intake and exit of air. Carbon dioxide-free air could 
be introduced either at the top or at the centm' of the chamber 
by the manipulation of pinch clamps. The intake at the center 
of the jar made it possible to sweep out any accumu-
lated carbon dioxide before making a determination. A glass 
tube leading from the bottom of the jar provided the exit for 
Fig. 1. From lef t to right: Two small bottles of 50 percent KOH; two 
large bottles of 43 percent H 2S04 ; r espira tion chamber; Truog absorption 
tower; trap bottle of Ba (OH) 2; a nd flow-meter. 
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the gases. The plate-glass lid was cemented to the top of the 
jar with shellac. 
By means of glass Y-tubes and pinch clamps the air was 
drawn either directly to the flow-meter or through the Truog 
absorption tower (35), and provided for constant aspiration 
while the absorption tower was being attached to the system. 
A trap bottle containing barium hydroxide was used to check 
the efficiency of the absorption tower. The flow-meter regu-
lated the amount of air passing through the apparatus, and a 
constant flow of air was maintained by suction from a water 
pump. Fluctuations in the suction caused by variations in the 
water pressure were prevented by inserting between the suc-
tion pump and the flow-meters a pressure regulator adjusted 
to a resistance of 6.61 cm. mercury. A column 'of mercury or 
water may be used for the pressure regulator. The water col-
umn causes less "bumping" and gives a more even control than 
mercury. 
Oold storage rooms provided constant temperatures of 0°, 
5° and 10°0. Temperatures of 21° and 32°0. were obtained 
by using a water bath regulated with running water and an 
electric oven with thermostatic contro1.3 
In 1930-31 the corms of Souvenir were not satisfactory for 
the experiment owing to poor development during the growing 
season; the observations were confined, therefore, to the varie-
ty, Giant Nymph. The freshly harvested corms (size no. 2) 
were dried at 25°0. for 3 days, cleaned and placed in storage 
at 10°0. until the respiration apparatus was available. 
On Dec. 8, duplicate 2,203 gm. samples of these Giant Nymph 
corms were placed in the respiration chambers which were 
held at controlled temperatures of 0°, 5° and 10°0. Intermit-
tent carbon dioxide determinations were made throughout the 
storage period until May 8. 
The air was drawn through the apparatus at the rate of 10 
liters per hour, providing for a complete change of air in the 
respiration chamber at least once every hour. The carbon 
dioxide was passed through the absorption tower containing a 
known quantity of 0.2 N. barium hydroxide, and the excess 
alkali titrated against 0.2 N. hydrochloric acid using phenol-
phthalein as an indicator. 
Oorms of Giant Nymph and Souvenir (size no. 1) were used 
in the respiration studies of 1931-32. On Oct. 18, samples of 
2,931 gm. each were selected from these varieties and placed in 
the respiration chambers held at controlled temperatures of 
10°, 21° and 32°0. Oarbon dioxide determinations were made 
as previously described. 
3 Conversion to Fahrenheit scale: O"C. = 32"F., 5"C. = 41 "F., 10"C. = 50"F., 
21 "C. = 69.8"F., 32"C. = 89.6"F. 
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TABLE I. RESPIRATION OF GIANT NYMPH CORMS STORED AT 0°, 5° AND 10°C. 
RESULTS EXPRESSED IN MG. OF CO, PER KG.* OF CORMS 
PER HOUR. 1930-31. 
Dates of O°C. 5°C. 10°C. 
determinations 
Dec. 8 9.8 13.4 13.9 
Dec. 11 9.1 14.4 12.9 
Dec. 23 8 .6 11.7 9.8 
** 
Jan. 2 8 . 7 10.5 11. 7 
Jan. 7 7.0 8.7 9.8 
Jan. 14 6.3 9.1 8.6 
Jan. 22 6.3 8.6 7 . 4 
Jan. 30 5 .9 7 .9 7 . 0 
Feb. 6 5 . 9 7.4 5.9 
Feb. 14 5.7 6.9 5.9 
Feb. 20 5.7 5.9 5 .8 
Feb. 27 5.4 5 .8 5.8 
Mar. 7 5.9 6.0 5.8 
Mar. 26 5.7 5.5 5.9 
April 4 5.8 4.8 6.4 
April 19 5. 2 5.8 6.7 
April 28 4.8 5.3 6.4 
May 8 4 . 5 4.8 6.3 
*Calculated per kilogram of the initial weight (2,203 gm.) 
**Respiration chambers temporarily dismantled to eradicate traces of fungi on the corms. 
RESPIRATION OF GIANT NYMPH CORMS STORED AT 00, 50 AND 10c C. 
The data for the respiration studies of 1930-31 are given in 
table 1. On Dec. 23 the respiration chambers had to be disman-
tled to control the growth of Penicillium gladioli on the corms, 
which accounts for the blanks in the table. The corms were 
dipped in a solution of corrosive sublimate and the experiment 
continued from Jan. 2. One-quarter inch wire netting was 
placed between the layers of corms to provide for better air 
circulation in the respiration chambers. No further trouble 
with fungi developed. 
The gladiolus corms did not respire rapidly when stored at 
00, 50 and 10°C. The rate of respiration was highest at the 
beginning of storage and was followed by a marked decrease 
during the first few weeks with a moderate decline and occa-
sional fluctuations in the respiratory intensity throughout the 
remainder of the storage period. Although there was a ten-
dency toward increased activity in the corms at 50 and 10°C., 
the respective rates of respiration were approximately identi-
cal after 90 days storage, and at the end of dormancy no sig-
nificant differences were found. 
RESPIRATION OF GIANT NYMPH AND SOUVENIR CORMS STORED AT 
100, 210 AND 32°C. 
Before the experiment was started in 1931-32 the corms were 
treated with corrosive sublimate to avoid the difficulties with 
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fungi experienced the previous year. Another troublesome fac-
tor developed, however, which necessitated slight changes in 
the apparatus. At 21° and 32°0. considerable quantities of 
water collected in the respiration chambers and connecting 
tubes, often flooding the flow-meters. This excess moisture was 
eliminated by substituting calcium chloride tubes for the sul-
furic acid bottles in order to pass dry air into the respiration 
chambers. 
From the data presented in tables I and II it is apparent 
that the gladiolus corms respired more rapidly when stored at 
the higher temperatures. At 10°, 21° and 32°0. a rapid de-
cline was detected in the respiratory intensity during the first 
few weeks of storage similar to that noted at 0°, 5° and 10°0. 
the previous year. The 32°0. storage seemed to stimulate con-
siderably the physiological activity of the Giant Nymph and 
Souvenir corms. The rise in the rate of respiration at 32°0. 
toward the end of storage was undoubtedly caused by sprout-
ing corms. The fluctuations which occurred in the quantities 
of carbon dioxide evolved at all the temperatures studied, re-
main unaccounted for. Souvenir corms respired more rapidly 
than Giant Nymph corms. The shorter life cycle of Souvenir 
probably is associated with this pronounced variation. 
In tables I and II some inconsistencies are evident in the data 
for Giant Nymph corms which had been stored at 10°0. The 
corms used in the experiments of 1931-32 were larger, more 
mature and stored earlier in the fall than the 1930-31 stock. 
TABLE II. RESPIRATION OF GIANT NYMPH AND SOUVENIR CORMS STORED 
AT 10°, 21° AND 3~C. RESULTS EXPRESSED IN MG. OF CO, PER 
KG.* OF CORMS PER HOUR. 1931-32. 
10°C. 21°C. 32°C. 
Dates of 
determinations Giant Giant Giant 
Nymph Souvenir Nymph Souvenir Nymph Souvenir 
Oct. 18 17.3 27.9 22.9 29.4 22.6 28.3 
Oct. 20 15.8 
Oct. 21 16.5 20.7 21.0 28.0 
Oct. 22 13.9 21. 7 
Oct. 23 15.4 17.6 18.8 27.4 
Oct. 24 13.1 18 . 1 
Oct. 26 14.1 16.5 17.6 24.4 
Oct. 27 13.9 16.3 11.0 16.9 
Nov. 1 12.3 11.8 9.7 12 . 6 13 .0 Hl.O 
Nov. 11 9.1 10.3 8.2 13.1 18.8 
Nov. 16 8.3 9.7 7.3 
Nov. 23 8.8 9.2 6 .5 11.0 11. 5 
Dec. 2 8.1 5.3 9.2 10.3 16.4 
Dec. 10 5.6 8.8 17 . 1 
Dec. 11 6.6 7 . 7 
Dec. 25 6.0 7.8 5.3 10 .2 9 .8 19.3 
Jan. 11 4.5 7.2 4 .5 10.2 8.6 18.8 
Jan. 29 6.1 7.8 6.6 13 .2 10.1 16.5 
Feb. 8 5.6 6.9 5.9 10.9 13.9 21.3 
*Calculated per kilogram of the initial weight (2,931 gm.) 
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These factors may have influenced their physiological behavior 
in storage. 
SHRINKAGE 
Investigations on hyacinths by Blaauw (6) have shown that 
the average loss in weight per bulb over a period of 12 weeks' 
storage was 20 percent of the weight after harvesting. It was 
also noted that the loss in weight diverged very little at tem-
peratures from V lzo to 35°C. Mulder and Blaauw (29) have 
reported a 6 percent loss in weight for tulips. 
Data showing the loss in weight of gladiolus corms during 
storage are presented in table III. Considerable shrinkage oc-
curred which seemed to be influenced by the date of storage, 
number of days in storage, temperature and the variety. Un-
doubtedly, relative humidity also affected the loss in weight, 
but no accurate control of the humidity was obtained in the 
respiration chambers or the laboratory, consequently definite 
evidence for this statement is lacking. Storage at 32°C. de-
cidedly accelerated the shrinkage. The corms stored in an 
open tray in the laboratory showed the greatest loss in weight. 
Better air circulation and a lower relative humidity in the lab-
oratory than in the respiration chambers perhaps caused this 
distinction. The corms stored in an open tray were weighed 
at weekly intervals throughout the entire storage period, and 
it was found that 55 percent of the total shrinkage occurred 
within the first 3 weeks after the corms were harvested in the 
fall. The accumulation of water in the respiration chambers 
and connecting tubes was further evidence of extensive shrink-
age shortly after the corms were stored. The small immature 
Giant Nymph corms used in 1930-31 apparently lost more 
weight during storage than the large fully-ripened corms of 
1931-32. 
TABLE III. SHRINKAGE OF GIANT NYMPH AND SOUVENIR 
CORMS DURING STORAGE. 
Storage Gram wt. Gram wt. Percent-
Variety tempera- No. of of corme- of corms age loss in P eriod of Storage 
ture corms beginning end of weight 
of storage etorage 
---------
Giant Nymph 0° C. 146 2203 1915 13.07 1930-3l. Dec. 8-
Giant Nymph 5° C . 142 2203 1790 18.75 M ay 8, 151 days in 
Giant Nymph 10° C . 138 2203 1788 18.84 respiration chamber 
Giant Nymph 10° C. 58 2931 2807 4 . 23 
Giant Nymph 21° C. 60 2931 2777 5. 25 1931-32. Oct. 18-
Giant Nymph 32° C . 61 2931 2472 15 . 66 F.b. 8, 113 days in 
Souvenir 10° C. 89 2931 2817 3 . 89 respiration chamber 
Souvenir 21° C. 82 2931 2727 6.96 
Souvenir 32° C. 85 2931 2284 22 .07 
Giant Nymph 25° C. 12 422 286 32 . 23 1931-32. Oct. 20-
Souvenir 25° C. 15 460 304 33.96 April 8, 200 days in 
open tray in labora-
tory 
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CHEMICAL ANALYSES 
MATERIALS AND METHODS 
The corms of Souvenir were so small that they were not used 
for experimental work during the storage season of 1930-31, 
and since the entire stock of Giant Nymph was required for the 
respiration studies, corms of the variety, Topaz, were selected 
for the chemical investigations. In 1931-32 corms of Giant 
Nymph and Souvenir were available for the chemical studies. 
Standard analytical equipment and C. P. chemicals were 
used in all the determinations. 
In the fall of 1930, freshly harvested Topaz corms were dried 
at 25°C. for 3 days, cleaned and placed in storage at 0°, 5° and 
10°C. In 1931 the corms of Giant Nymph and Souvenir were 
stored at ]0°, 21 ° and 32°C. Samples, 100 grams each, of 
these corms were taken from the respective temperatures at the 
beginning, the middle and end of the storage period. Each sam-
ple was a composite of 50 to 70. uniform corms. The leaf 
sheaths were removed and cross-sections of the corms cut in 
slices 1 mm. thick. This tissue was weighed and then killed in 
boiling 95 percent redistilled ethyl alcohol. The cutting and 
weighing of each sample were accomplished within 3 minutes in 
order to get the tissue killed in boiling alcohol as quickly as 
possible to reduce the probability of error arising from en-
zymatic changes. The tissue was extracted by 15 decantations 
with hot 80 percent redistilled ethyl alcohol and the extract 
brought to 1 liter volume at 25°C. The insoluble residue was 
dried in an oven and used in the determinations of polysac-
charides and insoluble nitrogen. 
CARBOHYDRATE ANALYSES 
A 50 cc. aliquot of the original liter extract was evaporated 
to 10 cc. on a water bath to remove the alcohol, and 100 cc. of 
water were added to dissolve the sugars. This solution was 
cleared with neutral lead acetate, brought to 250 cc. volume, 
filtered and deleaded with potassium oxalate. When it was 
necessary to hold the solutions for more than a few hours, a 
drop of toluene was added and the solutions placed in a re-
frigerator. 
1. Reducing sugars. A 50 cc. aliquot of the cleared extract 
was used to determine the reducing sugars according to the 
Munson and Walker method, and the reduced copper deter-
mined by the Bertrand method using 0.05 N. potassium per-
manganate. The quantity of reducing sugars represented was 
calculated from Munson and Walker's tables. . 
104 
2. Non-reducing sugars. A 75 cc. aliquot of the cleared ex-
tract was hydrolyzed with 5 cc. of concentrated (36 percent) 
hydrochloric acid by letting the solution stand overnight at a 
temperature of 35°C. The solution was then neutralized, 
brought to 100 cc. volume at 25°C., and 25 cc. duplicate sam-
ples were used as previously described to determine the quan-
tity of total sugars. The value of the reducing sugars sub-
tracted from the total sugars represents non-reducing sugars. 
3. Starch. The oven-dried residue was ground to pass a 
100-mesh screen. Duplicate ljz-gram samples were used in the 
determinations. The samples were wet with 50 cc. of water, 
heated on a boiling water bath for 30 minutes, cooled and hy-
drolyzed with takadiastase4 until no trace of starch could be 
observed by microscopic examination when an iodine stain was 
used. The extract was used in the determination of starch 
and the residue for acid hydrolyzable substances. The extract 
was cleared and deleaded as with the sugar samples. A 100 
cc. aliquot of the cleared amylase extract was hydrolyzed for 1 
hour on a boiling water bath with 5 cc. of concentrated (36 per-
cent) hydrochloric acid, neutralized, made to volume, and dup-
licate 50 cc. samples were used for the determination of re-
ducing sugars. 
4. Acid hydrolyzable substances. The residue left after 
enzyme hydrolysis of the starch was washed into a flask with 
100 cc. of water and hydrolyzed on a boiling water bath for 
21j2 hours without a reflux with 5 cc. of concentrated (36 per-
cent) hydrochloric acid, n eutralized, made to volume, and dup-
licate 50 cc. samples used for the determination of reducing 
substances. 
5. Soluble nitrogen. A 100 cc. aliquot of the original liter 
extract was evaporated almost to dryness on a water bath to 
remove the alcohol. The nitrogen determinations were made 
according to the official Arnold-Gunning Kj eldahl method. 
Sodium thiosulfate was not used since no nitrates were found 
in the tissue. 
6. Insoluble nitrogen. One-gram samples of the original 
dry residue were used for the insoluble nitrogen determina-
tions. The same method was used as with the soluble nitrogen, 
except that the evaporating process was omitted. 
CHEMICAL ANALYSES OF TOPAZ CORMS STORED AT 0°, 5° AND 10°C. 
The chemical data for 1930-31 are given in table IV. A 
marked accumulation of reducing and non-reducing sugars oc-
4 ljl the 1930-31 a n a lyses hydrochloric acid was used to hydrolyze the poly-
saccharides a nd no separate starch determinations were made. 
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TABLE IV. ANALYSES OF TOPAZ CORMS STORED AT 0°, 5° AND looC. RESULTS 
EXPRESSED AS MG. PER 100 GM. GREEN SAMPLE. CARBO-
HYDRATES CALCULATED AS D-GLUCOSE. 1903-31. 
Determin- 0° C. 5° C. 10° C. 
ations be- ------------------
Analyses fore stcr- Jan. May Jan. May Jan. May 
age in Nov. 
---------------
Reducing sugal' 80 1580 * 690 390 665 370 Non-reducing sugars 1253 6981 4243 3851 2242 3483 
Total sugars 1333 8561 4933 4241 2907 3853 
Polysaccharides 13940 13090 12920 14042 13124 12784 
Soluble nitrogen 216 226 234 223 196 215 
Insoluble nitrogen 255 289 306 263 238 307 
.Penicillium gladioli destroyed the corms at O°C. 
curred at ooe. The increase in sugars was considerably smaller 
at 5° and 10°C. Appleman (1) has reported similar accumula-
tions of sugars in potato tubers stored at ooe. The quantity 
of non-reducing sugars was far in excess of the reducing 
sugars, which were present in comparatively small amounts. 
Hasselbring and Hawkins (18) havc found the saII].e scarcity of 
reducing sugars in sweet potatoes. Toward thc end of the stor-
age period of the gladiolus corms there was a decline in the 
sugar content, except at 10°C. where a slight increase was 
noted in non-reducing sugars. 
The variations in the quantities of acid hydrolyzable sub-
stances (including starch) were such that assumptions are diffi-
cult. A decrease in the polysaccharides, however, is suggested. 
The shrinkage of the corms and the consequent increase in the 
percentage of chemical constituents per unit volume probably 
account in part for the occasional erratic relationship between 
the total sugars and polysaccharides. 
The soluble and insoluble nitrogen fractions were relatively 
constant during storage. The results of Appleman (2) with 
potato tubers confirm the stability of the nitrogenous material 
during storage .. 
CHEMICAL ANALYSES OF GIANT NYMPH AND SOUVENIR CORMS STORED 
AT 10°, 21° AND 32°C. 
The chemical data for 1931-32 are presented in tables V and 
VI. A pronounced decrease in the reducing sugars occurred 
during storage at 10°, 21° and 32°C. With Souvenir at 10°, 
21 ° and 32°C. and Giant Nymph at 10°C., there was a tendency 
for the reducing sugars to increase from the low quantities 
present at the middle of the storage period. Souvenir corms 
contained more reducing sugars than Giant Nymph corms. A 
rise in total sugar content was noted duing storage at 10°, 21 ° 
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TABLE V. ANALYSES OF GIANT NYMPH CORMS STORED AT 10°, 21° AND 32°C. 
RESULTS EXPRESSED AS MG. PER 100 GM. GREEN SAMPLE. 
CARBOHYDRATES CALCULATED AS D-GLUCOSE. 1931-32. 
Determin- 10° C. 21° C. 32° C. 
stions be- ------------------
Analyses fore stor- Jan. May Jan. M ay J an. May 
age in Nov. 
---------------
Reducing sugars 180 10 70 10 10 '10 trace 
Non-reducing sugars 2060 3670 4929 2764 3423 3324 3700 
Total sugars 2240 3680 4999 2774 3433 3334 3700 
Starch 9616 7745 9263 7551 8398 8915 7595 
Acid hydrolyzable su b-
stances 389 32 1 664 480 646 641 525 
Soluble nitrogen 168 236 246 258 320 276 340 
Insoluble nitrogen 260 305 282 281 255 285 280 
and 32°0. The starch content varied, but with the exception 
of Souvenir at 32°0., a general decline occurred over the dor-
mant period. The acid hydrolyzable substances showed an 
irregular tendency to increase, which was to be expected since 
the percentage of dry matter advanced 'with the loss of mois-
ture from the corms. 
The soluble nitrogen of the Giant Nymph corms increased in 
storage, particularly at 21° and 32°0., but the insoluble frac-
tion r emained fairly constant at all three temperatures. The 
nitrogen content of the Souvenir corms rose slightly during 
storage and the soluble fractions declined slightly at 10° and 
21 °0. toward the middle of dormancy. In Souvenir the insolu-
ble nitrogen predominated over the soluble form, but in Giant 
Nymph no variation of this nature was found, both fractions 
being present in approximately equal amounts. Souvenir corms 
contained more total nitrogen than Giant Nymph. 
The differences in the chemical composition of Giant Nymph 
and Souvenir corms in storage suggest possible variations in 
the growth responses after planting. 
TABLE VI. ANALYSES OF SOUVENIR CORMS STORED AT 10°,21° AND 32°C. RE-
SULTS EXPRESSED AS MG. PER 100 GM. GREEN SAMPLE. 
CARBOHYDRATES CALCULATED AS D-GLUCOSE. 
1931-32. 
Determin- 10° C. 21° C. 32° C. 
ations be- ------------------
Analyses fore stor-
age in Nov. 
Jan. May Jan. May Jan, May 
-----------------
Reducing sugars 327 80 170 10 165 10 150 
Non-reducing sugars 2366 3091 3063 2684 3368 2004 3416 
Total sugars 2693 3174 3233 2694 3533 3014 3566 
Starch 13117 12164 12350 13590 12636 11917 13256 
Acid hydrolyzable sub-
stances 423 724 1000 825 728 812 356 
Soluble nitrogen 219 197 240 206 300 270 380 
Insoluble nitrogen 503 569 575 550 568 572 683 
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MORPHOLOGY 
MA'l'ERlALS AND METHODS 
In the fall of 1931, freshly harvested corms of Giant Nymph 
and Souvenir were stored at 10°, 21° and 32°0. Samples of 
buds from these corms were collected at monthly intervals 
throughout the storage period. On March 31, 1932, the remain-
ing corms were planted in the greenhouse and samples of the 
developing inflorescence collected at weekly intervals until 
anthers and ovules were prominent in the flower. The buds 
were killed in formalin acetic-alcohol, imbedded in paraffin, 
sectioned and stained in "Fast Green" according to the stan-
dard technique for such material. Photomicrographs and 
drawings were made to show the important stages in the de-
velopment of the buds during storage and of the flower spikes 
after planting. 
BUD DEVELOPMENTt JN STORAGE AT 10°, 21° AND 32°0. 
The buds were evident at a very early stage in the develop-
ment of the new corms. They enlarged considerably during 
the growth of the plant in the field and were prominent when 
the new corms were harvested in the fall. A longitudinal sec-
tion of a bud at harvest time is shown in fig. 2, No. 1. The 
meristematic tip was enclosed by several leaf sheaths. At this 
stage the bud was entirely vegetative with no evidence of flow-
er primordia. Apparently the buds of gladiolus corms remain 
in a vegetative condition during the major portion of the stor-
age season. Watkins (37) has reported similar observations. 
Samples of buds taken from corms stored at 10°, 21° and 
32°0. showed no further anatomical advances until February, 
when increased activity in leaf development was noted (fig. 
2, No.2.) The leaf sheaths were enlarged and the growing 
point considerably broadened. At the time of planting in the 
greenhouse in March, the buds were still in a condition of in-
creased leaf development with no visible evidence of flower 
differentiation. 
The temperature at which the corms were stored had a lim-
ited effect on the development of the buds during their period 
of dormancy. At 32° and 21°0. the buds became somewhat 
more elongated than at 10°C., especially with Souvenir. The 
buds of Souvenir developed slightly in advance of the buds of 
Giant Nymph, doubtless a varietal characteristic. 
Fl,OWER DIFFERENTIATION 
When the corms which had been stored at 10°, 21 ° and 32°0. 
were planted in the greenhouse the latter part of March, the 
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Fig. 2. Photomicrographs of longitudinal sections of gladiolus buds and 
flower spikes. (See bottom of next page for explanation of fig. 2.) 
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buds had started to swell and elongate, particularly those which 
had been stored at 32°0. This was the first external evidence 
of increased activity caused by high storage temperatures. 
After planting, the effects of storage temperature became more 
pronounced as shown by the data in table VII. 
TABLE VII. GROWTH OF PLANTS IN THE GREENHOUSE. 
LENGTH OF SHOOTS IN CM. 
Storage Growth in weeks 
treatment - - - - ----- - - - -- - - - - -
1 2 3 4 5 6 7 8 9 
- - --
--
------------
10°C. 1.0 2.1 5.0 7 . 5 10.2 16.0 35.0 41.0 *45.0 
Giant Nymph 21°C. 10.7 20.3 22.9 25.4 *40.6 45.6 47.4 50.8 55.0 
32°C. 13.0 27.9 30.1 *33.0 50.8 60.8 73.8 80.6 87.0 
~-
----------------
10°C. 2.5 4.0 5.7 7.6 25.4 *45.6 50.8 60.8 65.0 
Souvenir 21°C. 7.6 2G .3 23.0 *25.4 45.6 48.0 55.0 62.0 67.5 
32°C. 9.4 25.4 32.0 *38.1 45.6 56.0 63.5 65.0 76.2 
*Flower differentiation plainly evident. 
Samples of buds collected 3 weeks after planting showed no 
sign of flower differentiation. This period was characterized by 
extensive foliage development, with a broadening of the 
meristematic tip. 
The first traces of flower differentiation were found in sam-
ples collccted 4 weeks after planting. At this stage (fig. 2, Nos. 
4 and 5) the growing point was decidedly extended, lobing was 
pronounced and there were evidences of the formation of a 
flower spike. As indicated in table VII, flower primordia were 
first noted in plants from corms which had been stored at 21° 
and 32°0. The plants from corms exposed to a storage tem-
perature of 10°0 . did not show flower differentiation until sev-
eral weeks later, with Souvenir 3 weeks in advance of Giant 
Nymph. In all cases flower differentiation occurred after the 
formation of the new corm at the base of the stalk. Flower 
primordia appear to arise from the new corm and are only indi-
rectly associated with the mother corm. The data show no 
definite relationship between height of plant and the inception 
of flower differentiation. 
The development of lobes and the extension of the flower 
spike continued over a period of 2 to 3 weeks, depending on 
the variety. Samples of the 21° and 32°0. lots collected 7 
Fig. 2 continued. Explanation (numbers refer to those on plate) : 
1. Condition of bud during major part of dormancy. X 30 
2. Active leaf deve lopment occurred near the end of the storage 
period. X 30 
3. The meristematic tip b ecame broad and flat shortly after the 
corms were planted. X 30 
4. First evidence of flower diffe rentiation 4 weeks after planting. 
Deflnite lobing was apparent. X 21. 
5. A later stage in the development of the flower spike, showing 
primordia of the individual flowers. X 21 
6. Six weeks after planting, the individual flowers were conspIc-
uous with stamens well formed. X 19 
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Fig. 3. Photomicrographs of longitudinal and cross sections of the glad-
iolus inflorescence and foliage. (See bottom of next page for explanation.) 
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Fig. 4. 
Fig. 3 
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Drawings made with micro-projector. 
1. Dormant bud. M, meristematic tip; L, leaf sheaf. X 60 
2. Bud showing active leaf development. X 60 
3. The meristematic tip broadened shortly after planting. X 60 
4. Differentiation of the floral parts commenced 4 weeks after 
planting. R, lobe; B, bract. X 25 
5. Young flower spike. F, individual flower; D, secondary flower 
spike. X 15 
6. Flower spike well differentiated with anthers and ovaries devel-
oped. X 15 
7. Individual flower. A, stamen; P, perianth; C, carpel; K; out-
er spathe; I, inner spathe. X 60 
8. Ovary with ovules attached to the placenta and megaspore 
mother cells well formed. 0, ovule; Y, megaspore mother cell. 
X 15 
continued. Explanation (numbers refer to those on plate) : 
7. Flower spike 7 weeks after planting . . The anthers were pres-
ent and the ovaries were rapidly developing. X 9 
8. Longitudinal section of ovary showing ovule arrangement with 
megaspore mother cells plainly visible. X 21 
9. Cross section of young stem showing leaf arrangement and 
vascular bundles. X 21 
10. Cross section of spike showing the main axis with flowers on 
opposite sides. The lower flower shows the anther arrange-
ment. The pollen was nearly mature. X 21 
11. Longitudinal section of the anthers containing pollen. X 21 
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weeks after planting had well-defined flower spikes plainly 
visible, with the individual flowers formed and anthers in the 
process of differentiation (fig. 2, No.6). The stamens of the 
gladiolus flower developed considerably in advance of the 
ovary. Eight weeks after planting the flower spikes had elon-
gated and further differentiation of the individual flowers had 
occurred. The ovary had developed and contained numerous 
ovules in which megaspore mother cells were evident (fig. 3, 
Nos. 7 and 8). The anthers at this stage were filled with pollen 
(fig. 3, Nos. 10 and 11). 
The history of development in the varieties studied was 
identical except that Souvenir produced its inflorescence 
slightly in advance of Giant Nymph. The differentiation of 
the floral tissue after planting was accelerated considerably by 
high storage temperature. 
GROWTH OF PLANTS AFTER STORAGE OF CORMS 
FIELD STUDIES OF GIANT NYMPH CORMS AFTER STORAGE A'£ 
0'°, 5° AND 10° O. 
Following the respiration experiments which were termi-
nated May 8, 1931, the corms were removed from the respira-
tion chambers and planted in the field in fertile loam soil. Over-
head irrigation was used, but otherwise the plants recei.ved the 
usual commercial culture. Records were taken on the various 
phases of growth, and these data are given in table VIII. 
The 1931 data show that the percentage of corms which 
sprouted increased as the storage temperature was raised. The 
most blind shoots occurred at 0°0., an important consideration 
since the gladiolus is cultivated mainly for its floral display. 
The date of blooming was advanced 1 to 2 weeks by storage 
TABLE VIII. GROWTH RESPONSES. 
Gian~iefl~~~t.1931 Giant Nymph-1932 Souvenir-1932 Greenhouse results Greenhouse results 
- ------- - ------------
Storage temperatures O°C. 50 C. 100 C. 100C 21°C 320 C. 100 C. 21° C. 3~ C. 
-
------- - ------------
No. corms planted 
Percentage of corms 
138 142 146 58 60 61 89 82 79 
which sprouted 91 96 100 100 95 87 94 95 96 
Percentage of corms 
which flowered 73 91 90 93 75 96 96 94 89 
No. days from planting 
until flowering 109 104 97 130 126 91 110 96 86 
Total no. of flower 
spikes produced 93 125 144 67 43 58 148 130 83 
Quality of flowers pro-
duced fair medium medium poor poor excellent medium medium excellent 
No. of new corms har-
vested 135 139 188 * Cormel production, 
weight in grams 161 125 77 
*PJants were removed from the greenhouse hench after flowering. 
113 
at 5° and 10°0., respectively. Oorms which had been held at 
10°0. produced the most flower spikes and new corms. Storage 
at 10°0. was superior to 5° and 0°0. except in the matter of 
cormel development. 
Since storage at 10°0. resulted in more desirable growth re-
sponses than with the 5° and 0° treatments, it was expedient 
to determine the value of higher storage temperatures. Pre-
liminary studies with Giant Nymph corms held at 32°0. showed 
that high storage temperature stimulated growth considerably. 
Unpublished experiments by. Dr. W. E. Loomis resulted in 
rapid forcing of Alice Tiplady gladiolus corms after exposure 
to temperatures of 30° to 35°0. Loomis and Evans (27) found 
that the blooming of the variety, Halley, was advanced 4 weeks 
by storing the corms at 39 °0. for 2 weeks. Denny (10) has 
reported that corms stored at 30°0. for a period of 3 weeks 
made very satisfactory growth, and the results were often bet-
ter than the growth from corms treated with ethylene chloro-
hydrin to break the dormancy. 
GREENHOUSE STUDIES OF GIANT NYMPH AND SOUVENIR CORMS AFTER 
STORAGE AT 10°, 21° AND 32°0. 
The respiration experiments of 1931-32 were discontinued 
Feb. 8, and the corms planted in the greenhouse in regular com-
post soil. The plants received the usual culture under glass 
with full sunlight, abundant moisture and a day temperature 
of 21 °0. with 12°0. at night. In June the high temperature 
under glass was unfavorable for gladiolus culture and un-
doubtedly inhibited the delayed development of plants of Giant 
Nymph corms previously stored at 10° and 21 °0. 
The growth records of the corms stored at 10°, 21 ° and 32°0. 
are given in table VIII. These data are relevant to forcing 
conditions in the greenhouse and are not directly comparable 
with culture in the field. 
The percentage of Giant Nymph corms that sprouted was 
considerably lower at 32° and 21 °0. than at 10°0. With Souve-
nir the percentage of sprouting was approximately equal at the 
different temperatures. The 32°0. storage of Giant Nymph 
resulted in the highest percentage of flowering corms, but with 
Souvenir the 10°0. treatment was slightly superior in this re-
spect. The lower storage temperatures promoted flower pro-
duction, but the quality of the spikes was inferior. The plants 
from corms exposed to 32°0. bloomed much earlier than the 
21 ° and 10°0. stock. The general growth of the plants from 
corms stored at 32°0. was more rapid and vigorous than the 
plants produced from corms held at 21 ° and 10°0. In all cases 
the initial crop of flowers was far superior to the blooms 
produced thereafter. The value of early flowering was 
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Fig. 5. Observations. left to right: Giant Nymph with 10°C. storage; 
Giant Nymph with 21 °C. storage; Giant Nymph with 32 °C. storage. The 
photograph was taken 83 days after planting in the greenhouse. 
particularly obvious with the 10° and 21 °C. stock of Giant 
Nymph which was dwarfed by the intense summer heat. 
Figures 5 and 6 are typical of the-variations in the growth re-
sponses of corms which had been stored at 10°, 21° and 32°C. 
The 10° and 21 °C. Souvenir plants developed considerably 
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Fig. 6. Observations, left to right: Souvenir with 10°C. storage; Souve-
nir with 21 "C. storage; Souvenir with 32"C. storage. The photograph was 
taken 79 days after planting in the greenhouse. 
after the pictures were taken, but the 100 and 21°C. stock of 
Giant Nymph remained decidedly inferior throughout the en-
tire growing period. The growth responses of the Giant 
Nymph corms previously stored at 21°C. were particularly in-
ferior. 
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DISCUSSION 
The glad.iolus corms respired slowly during their dormant 
season, and moderate fluctuations in the storage temperature ap-
parently had a very limited effect on the physiological activity 
of the corms. In many of the large commercial storage houses 
the temperature varies 10° to 15° F. without producing any 
evident ill effects on the subsequent growth of the corms in the 
field. The most rapid changes in the corms occurred during 
the curing process when large quantities of moisture were lost. 
The nature and significance of the changes which take place 
during the curing period provide material for further investi-
gation. 
The rate of respiration varied with the seasons and for the 
two varieties studied. Souvenir, a gladiolus which matures 
early, respired more rapidly than Giant Nymph, which ma-
tures comparatively late. It may be that early maturity is as-
sociated with high respiratory rate, and if this is true, the 
storage temperatures for early and late varieties should receive 
additional consideration. Thus it would appear that varieties 
which mature early would be benefited by moderately low stor-
age temperatures to reduce the combustion of reserve carbo-
hydrates and proteins which are utilized by the plant in the 
early stages of growth. On the other hand, varieties which 
mature late might be stored at higher temperatures to increase 
the respiration rate and materially shorten the dormant period. 
Although temperature and moisture content are probably the 
most important factors in the respiration of gladiolus corms, 
the existence of other factors which are at times decisive is 
suggested by the fluctuations which were common in the 
respiratory intensity at 0°, 5°, 10°, 21° and 32°C. Seasonal 
characteristics and previous cultural practices may partially 
account for these fluctuations. 
Considerable variations were found in the chemical compo-
sition of the corms at different periods during the storage sea-
son. These differences occurred mostly in the carbohydrate 
fractions, especially reducing and non-reducing sugars. If re-
ducing sugars are to be considered the immediate source of 
respiratory material, then a partial explanation of the accumu-
lation of sugars at low temperatures may be found in the re-
duced respiration under these conditions. No definite relation-
ship was evident between the sugar content and respiration at 
high temperatures. Hasselbring and Hawkins (16) have re-
ported similar results with sweet potatoes. The nitrogen con-
tent of the corms remained fairly constant throughout the stor-
age season. With such an abundance of starch present it is 
reasonable to believe that proteins would not ordinarily be 
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used in respiration, and apparently other processes which 
might involve protein hydrolysis were not important. 
Temperature did not seem to have much effect on the devel-
opment of the buds on the corms during the normal storage 
season. During this period the buds were in a vegetative con-
dition with no visible evidence of flower primordia. It is prob-
able, however, that certain changes did occur which prepared 
the buds for subsequent growth. Since flower differentiation 
occurs soon after planting, it is very essential that the corms 
have ideal growing conditions at this time; otherwise the nor-
mal formation of the flower spike may be inhibited or entirely 
prevented, resulting in partial or complete" blindness" of the 
plant. Conditions which retard the normal growth of the plant 
have a similar effect on the development of the flower spike. 
The formation of the inflorescence extended over a period of 
several weeks during the current growing season, and differen-
tiation of the individual flowers was completed by the time the 
flower spike emerged from the inner leaf. Differentiation of 
the floral parts and the extension of the spike were greatly ac-
celerated by exposing the corms to high storage temperature. 
These responses are particularly desirable from the standpoint 
of early forcing of the gladiolus in the greenhouse. 
Previous storage temperature had a marked influence on the 
subsequent growth of the corms. High storage temperature 
aided in breaking the r est period and favored rapid maturity 
and vigorous flowering. This increased activity was appar-
ently associated with respiratory intensity, and probably with 
the accumulation of total sugars. . 
If the storage period is prolonged in the spring, the advan-
tages of the high temperature treatment are somewhat cur-
tailed; therefore, this procedure is more valuable for corms 
which are to be forced in the greenhouse. Gladiolus corms 
from the southern and western states have been used exten-
sively for extra early forcing under glass, but the ordinary 
field-grown corms of the northern states may be used for this 
purpose if the high temperature treatment is applied. 
Although the data show superior results from corms stored 
at 32°C., further study is needed regarding the optimum length 
of time of exposure to the high temperature. It is entirely pos-
sible that storage at 5° or 10°C. during the major portion of the 
dormant season, followed by a f ew weeks treatment to high 
temperature, would be as effective as continuous storage at 
32°C. It is conceivable that a combination of storage tempera-
tures for the corms would greatly improve the attendant growth 
of the gladiolus plant. 
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Keene, Donald, M.S. ________ _____ ___ ____________ __ _______ Research Fellow 
Losey, Edwin, B.S. _____ __ _____ _____________________ _____ Research Fellow 
Malone, Carl, B.S. _______________ _________________ _____ Research Assistant 
Mighell, Albert, B.S., M.S. ______________________________ Research Assistant 
Miller, P. L., M.A. ___ _______ ________ __ _________________ Research Professor 
Mimms, Otho Leroy, B.S. _________ _______________________ Research Fellow 
Murray, W. G., B.A., M.A., Ph.D. ______________ Research Associate Professor 
Peck, Millard, B.S., M.S., M.A. _______ ___________ ___ ____ Research Professor 
Robotka, Frank, B.A., M.A. __ __ ______________ Research Associate Professor 
Rubel, Donald M., B.S. _____________________________ ______ Research Fellow 
Schaefer, George, B.S. ___________________________________ Research Fellow 
Schultz, T. W., B.S., M.S., Ph.D. 
Research Associate Professor and Acting Head 
Shepherd, G. S., B.S.A., M.S., Ph. D. ________ ___ Research Assistant Professor 
Taylor, Paul A., B.S., M.S. ___________________________ __ Research Assistant 
Termohlen, W. D., B.S., M.S. 
R esea rch Assistant Professor (on leave Aug. 1, 1933, to June 30, 1934) 
Thomas, H. L., B.S., M.S. ~ ___ __________________________ Research Assistant 
Thompson, S. H., B.A., M.S. ____________________ ________ Research Professor 
Wakeley, R. E., B.S., M.S., Ph.D. ______________ Research Assistant Professor 
Beresford, Rex, B.S. (Cooperator) ___ ______ . __ Agricultural Extension Service 
Lancelot, W. H., B.S., D.Ed. (Cooperator) __ Vocational Education Department 
Hamlin, H. M., B.S., M.S., Ph.D. (Cooperator) 
Vocational Education Department 
Morgan, Barton, B .S., M.S. (Cooperator) ___ Vocational Education Department 
Woodruff, J. A. (Cooperator) ________ ____ ____ Agricultural Extension Service 
vViliiams, R. C. (Collaborator) 
Holmes, C. L. (Collabora tor) __ Bureau of Agricultural Economics, U. S. D. A. 
Hurd, E. B. (Coliaborator) ____ Bureau of Agricultural Economics, U. S. D. A. 
AGRICULTURAL ENGINEERING SECTION 
(Davidson, J. B., B.S. in M.E., A E.; D.Engr., Research Professor and Head) 
Barre, Henry J., B.S. _____________ _____________________ Research Assistant 
Cantral, John 1., B.S. ____________________________________ Research Fellow 
Carter, W. H., B.S. ________________ ___________________ Research Assistant 
Collins, E. V., B.S. in A.E., B.S. in Agron. ________ ______ R esearch Professor 
Giese, Henry, B.S. in Arch.E., M.S. (A.E.) (Arch.E.) ____ Research Professor 
Peikert, Frank W., B.S. _____________________ _ Research Graduate Assistant 
McKibben, E.G., B.S. (A.E.), M .S. (A.E.) (Cooperator) 
Agricultural Engineering Department 
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McCrory, S. H. (Collaborator) _Bureau of Agricultural Engineering, U. S. D. A. 
Schoenleber, L. (Collaborator) Bureau of Agricultural Engineering, U. S. D. A. 
Shedd, C. K. (Collaborator) __ Bureau of Agricultural Engineering, U. S. D. A. 
Sheets, E. W. (Collaborator) ________ Bureau of Animal Industry, U. S.D. A. 
ANIMAL HUSBANDRY SECTION 
(Kildee, H. H., B.S.A., M.S., Research Professor and Head) 
ANIMAL BREEDING SUBSECTION 
(Lush, J. L., B.S., M.S., Ph.D., Research Professor and Head) 
Plum, Mogens M., M.S. ____________________________ _____ __ Research Fellow 
Shearer, P. S., B.S., M.S. _______________________________ Research Professor 
Gibson, G. G., B.S., M.S. (Cooperator) ________ Agricultural Extension Service 
Holbert, J. C., B.S., M.S. (Cooperator) ______ Animal Husbandry Department 
ANIMAL CHEMISTRY AND NUTRITION SUBSECTION 
(Jointly administered by Animal Husbandry and Chemistry Sections. See 
Chemistry Section for Personnel) 
ANIMAL PRODUCTION SUBSECTION 
(Culbertson, C. C., B.S., M.S., Research Professor and Head) 
Caine, A. B., B.S.A., M.S. ____________________ Research Associate Professor 
Hammond, W. E., B.S.A., M.S. _______________ Superintendent of Experiments 
DAIRY HUSBANDRY SUBSECTION 
(Cannon, C. Y., B .S.A., M.S., Ph.D., Research Professor and Head) 
Espe, Dwight, B.S., M.S., Ph.D. ________________ Research Assistant Professor 
Hansen, E. N., B .S, M.S. ___ ___________________ Research Associate Prefessor 
Wilson, J. L ., B.S., M.S. ____ ______ ________________________ Research Fellow 
McNutt, S. H., D.V.M. (Cooperator) ___________________ Veterinary Research 
MEATS SUBSECTION 
(Helser, M.D., B.S.A., M.S., Research Professor and Head) 
Beard, F. J ., B.S., M.S. ________ _______ ________ Research Assistant Professor 
Kirk, Gordon, B.S.A., M.A. _________________ ______________ Research Fellow 
Woodrow, J. W., B.A., Ph.D., LL.D. (Cooperator) ______ Physics Department 
POULTRY HUSBANDRY SUBSECTION 
(Henderson, E. "V., B.S.A., A.M., Ph.D., Research Professor and Head) 
Waters, N. F., B.Sc., M.Sc., D.Sc. ___ ___________ Research Assistant Professor 
Wileke, Harold L., B.S., M.S. _________________ Research Assistant Professor 
Milby, T. T., B.S., M.S. ______ __________ ______ _____________ Research Fellow 
Perry, Flavel D., B.S., M.S. ______ ____ ______________________ Research Fellow 
Murray, Chas., Ph.B., B.S., D.V.M . (Cooperator) _______ Veterinary Research 
Patterson, Fred D., D.V.M., M.S. (Cooperator) _________ Veterinary Research 
BACTERIOLOGY SECTION 
(Buchanan, R. E., B.Sc., M.S., Ph.D., Research Professor and Head) 
Werkman, C. H., B.Sc., M.S., Ph.D. ____________ Research Professor in Charge 
Stahly, Grant, B.S., M.S. ______________ ___________________ Research Fellow 
Nelson, M. E., (Cooperator) ______________________ Bacteriology Department 
Wood, H. G. (Cooperator) ________________________ Bacteriology Department 
Brockman, M. C. ( Cooperator) ___________________ Bacteriology Department 
Reynolds, Howard (Cooperator) __________________ Bacteriology Department 
Osborn, O. L. (Collaborator) _____ Bureau of Chemistry and Soils, U. S. D. A. 
BOTANY AND PLANT PATHOLOGY SECTION 
(Melhus, 1. E., B.S., Ph.D., Research Professor and Head) 
Bakke, A. L., B.S., M.S., Ph.D. _________________________ Research Professor 
Bell, Forrest G., B.A., M.S. ___________________ Research Graduate Assistant 
Bretz, T. W., B.S. ___ ________ _ _____ .___________________ _ Research Fellow 
Brown, E. 0 ., B.S. ___________ ____________________ ___ __ Research Assistant 
Buchholtz, Walter F., B.S., M.S. ______________ Research Graduate Assistant 
Davis, Glen N., B.S., ~.s. ------------------------------Research Assistant 
Dietz, S. M., B.S., M.S., Ph.D. _________________ Research Associate Professor 
Hayden, Ada, B.S., M.S., Ph.D. ________________ Research Assistant Professor 
Henderson, W. J., B.S., M.S. ___________________________ Research Assistant 
King, Charlotte M. _________________________ Research Assistant Professor 
McNew, George L., B.S., M.S. ___________________________ Research Assistant 
Nagel, Clatus, B.S., M.S. __________ __________ __ ________ Research Fellow 
Porter, R. H., B.S., M.S., Ph.D. ________________ Research Associate Professor 
Reddy, C. S., B.S., M.S., Ph.D . ________________ _ Research Associate Professor 
Weetman, Leslie M., A .B ., M.S. ________________ Research Graduate Assistant 
Wilson, J. J., B.S., M.S. _____________ __ ______ __ ____ ____ Research Assistant 
Aikman, J. M., A.B., A.M., Ph.D. (Cooperator) __________ Botany Department 
Gilman, J. C., B.A., M.S., Ph.D. (Cooperator) ____________ Botany Department 
Martin, J. N., A.B., Ph.D. (Cooperator) ________________ Botany Department 
Loomis, W. E., B.S., M.S., Ph.D. (Cooperator) __________ Botany Department 
Layton, Duke V., B.S., M.S. (Cooperator) ______ Agricultural Extension Service 
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Stiles, H. C., A.B., A.M., Ph.D. (Cooperator) ____________ Physics Department 
Murphy, H. C., B.S., M.S., Ph.D. (Collaborator) 
Bureau of Plant Industry, U. S. D. A. 
CHEMISTRY SECTION 
(Coover, W . F., A.B., A.M., Research Professor and Head) 
Eickelberg, Elmer "V., B.S. __ ___ __ __ _____ _________________ Research Fellow 
Harrelson, R. T., A.B., M.S. ________________________ _____ Research Fellow 
Buchanan, J. H., B.S., M.S. (Cooperator) _________ __ _ Chemistry Department 
Nelson, V. E., B.S., M.S. (Cooperator) ______________ Chemistry Department 
ANIMAL CHEMISTRY AND NUTRITION SUBSECTION 
(Jointly administered by Animal Husbandry and Chemistry Sections) 
(Thomas, B. H., B.S., M.S., Ph.D., Research Professor a nd Head) 
Henderson, Charles R., B.S. ____ __ ___________ _ Research Graduate Assistant 
Lyons, MalcOlm, B.S. _____ ________ ____________ ___________ Research Fellow 
Schulz, J. A., B.S., M.S., Ph.D. ________________ Research Assistant Professor 
Yoder, Lester, B.S.A., M.S. ____ _____ __ _________ Research Assistant Professor 
PLANT CHEMISTRY SUBSECTION 
(Hixon, W. G., B.S., Ph.D., Research Professor a nd H ead) 
Gaessler, W. G., B.S., M.S. __ __ __ __ ____________ Research Associate Professor 
Severson, Gerrish, B.S. ________________ ___________________ Research Fellow 
Williams, John Covington, A.B., M.A. ____________ _______ __ Research Fellow 
Christensen, L. M., B.S., Ph.D. (Cooperator) ________ Chemistry Department 
Fulmer, E. I., B.A., M.A., Ph.D. (Cooperator) ________ Chemistry Department 
DAIRY INDUSTRY SECTION 
(Mortensen. M., B.S.A., Research Professor a nd Head) 
Bird, E. W., B.S., Ph.D. ______________________ Research Assistant Professor 
Breazeale, D . F., B.S., M.S. ______________________ ______ Research Assistant 
Hammer, B. W., B.S.A., Ph.D. _____ ________________ ___ __ Research Professor 
Michaelian, M. B., B.S., Ph.D. _____ ___ ___ _____ ________ _ Research Assistant 
Theophilus, D. R., B.S., M.S. _______ ~ ____________ _________ Research Fellow 
Baker, M. P., B.S., M.S. (Cooperator) __________ Dairy Industry D epartment 
Fabricius, N. E., B.S., M.S. (Cooperator) ________ Dairy Industry Department 
Goss, E. F., B.S., M.S. (Cooperator) ____________ Dairy Industry D epartment 
Hussong, R a lph V., B.S., M.S., P h.D. (Cooperator) 
Dairy 
Iverson, C. A., B.S., M.S. (Cooperator) ________ __ Dairy 
Nielson, Verner (Cooperator) ___ __ __________ ___ Dairy 
Lane, C. V. (Cooperator) _____ _________________ Dairy 
ENTOMOLOGY SECTION 
Industry 
Industry 
Industry 
Industry 
Department 
Department 
Department 
Department 
(Drake, Carl J., B.S., B.Ped., M.A., Ph.D., Research Professor and H ead) 
Bennett, Logan, B.S., M.S. ________ ___ _____ ____ Research Graduate Assistant 
Decker, George C., B.S., M.S., Ph.D. ____ ____ __________ __ Research Assistant 
Errington, Paul L., B.S., Ph.D. _______________ Research Assistant Professor 
Hamerstrom, F. N., Jr., A.B. ______________ ______ Research Graduate Assistant 
Hansberry, T. R., B.S., M.S. ___________ __________________ Research Fellow 
Harris, H. M., B.S., M.S., Ph.D. ___ ___________ Research Assistant Professor 
Park, O. W., B.S., M.S., Ph.D. ________ ________ Research Associate Professor 
Reinhardt, J. F., B.S. ___________________________________ Research Fellow 
Richardson, C. H., A.B., M.Sc., Ph.D. ___________ ________ Research Professor 
Spawn, Gerald B., B.S., M.S. ______ ______________________ Research Fellow 
T a te, H. D., B.S. ______________________________________ Research Assistant 
Travis, Bernard, B.S. _____________ ____________________ Research Assistant 
Guthrie, J. E., B.S., M.S. (Cooperator) ___________ ______ Zoology Department 
FARM CROPS AND SOILS SECTION 
(Brown, P. E., B.S., A.M., Ph.D., Research Professor and Head) 
FARM CROPS SUBSECTION 
(Hughes, H. D., B.S_, M.S.A., Research Professor and Head) 
Arceneaux, T. J., B.S., M.S. ______________________________ Research Fellow 
Brown, E. 0., B.S. ____________________________________ Research Assistant 
Burnett, L. C., B_S.A., M .S. ________________ _____ _____ __ Research Professor 
Eagles, L. D., B.S., M.S. _____________________ _ _. Research Assistant 
Porter, R. H., B.S., M.S., Ph.D. __ _____ ______ ___ Research Associate Professor 
Robinson, J. L., B.S., M.S., Ph.D. ______________ Research Assistant Professor 
Wentz, J. B., B.::. .. M.S., Ph.D. ________________ Research Associate Professor 
vVilkins, F. S., B.S., M.S. _____________________ Research Assistant Professor 
Eldredge, J. C., B.S., M.S., Ph.D. (Cooperator) ______ Farm Crops Department 
Henson, E. R., B.S., M.S., Ph.D. (Cooperator) ______ Farm Crops Department 
Bryan, A. A., B.S., M.S., Ph.D. (Collaborator) 
Bureau of Plant Industry, U. S. D. A. 
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Jenkins, M. T., B.S., M.S., Ph.D. (Collaborator) 
Bureau of P lant Industry, U . S. D. A. 
Jugenheimer, R. W. (Collaborator) ____ Bureau of Plant Industry, U. S. D. A. 
Coffman, F. A. (Collaborator) _________ Bureau of Plant Industry, U . S. D. A. 
Stanton, T. R. (Collaborator) _________ Bureau of P lant Industry, U. S. D. A. 
SOILS SUBSECTION 
(Brown, P. E., B.S., A .M., Ph.D., Research Professor and Head) 
Bennett, Roy E ., B. S. _______________________ Research Assistant Professor 
Benton, T. H., B.S., M.S. ____________________ Research Assistant Professor 
Englehorn, A. J., B.S., M.S. ___________________ Research Assistant Professor 
Dean, Harold L., B.S., M.S. _____________________ ___ ______ Research Fellow 
Dean, Hartzell C., B.S., lIi.S. ______ ________________________ Research Fellow 
Firkins, B. J., B.S., M.S. ______________________ Research Associate Professor 
Forman, L. W., B.S., M.S. _______________ Superintendent of Soil Experiments 
Millar, Harvey, B. S. __________________ oo _______ •• _________ Research Fellow 
Neal, Oren R., B.S., MS. ___ ______________________________ Research Fellow 
Meldrum, H. R ., B.S. ___ _______ _ .. ____________ Research Assistant Professor 
Orrben, C. L., B.S. __________________________ . Research Assistant Professor 
Smith, F. B., B.S., M.S., Ph.D. ________________ Research Associate Professor 
Thorne, D. Wynne, B.S. __________________________________ Research Fellow 
Walker, R. H ., B.S., M.S., Ph.D. ______________ Research Associate Professor 
Musgrave, G. W. (Collaborator) __ Bureau of Chemistry a nd Soils, U. S. D. A. 
Norton, R. A. (Collaborator) ___ Bureau of Agricultural Engineers, U. S. D. A. 
Geib, W. J. (Collaborator) ________ Bureap of Chemistry and Soils, U. S. D. A. 
Swenson, G. A. (Collaborator) ___ Bureau of Chemistry and Soils, U. S. D. A. 
GENETICS SECTION 
(Lindstrom, E. >V., A.B., Ph.D., Research Professor and Head) 
Lambert, >V. V., B.S., M.S., Ph.D. ____________ Research Assistant Professor 
Wellhausen, Edwin J., B.S. _____________ _________________ Research Fellow 
HOME ECONOMICS SECTION 
(Fisher, Genevieve, A. M., Research Professor and Head) 
FOODS AND NUTRITION SUBSECTION 
(Nelson, P. Mabel, B.S., M .A., Ph.D., Research Professor and Head) 
Lowe, Belle, Ph.B. __________________________ Research Associate Professor 
Buel , Eva Irene, B.S. ___________________________ __ _____ . Research Fellow 
Emblom, Villa May, B.S. _____________ -'- ______ Research Graduate Assistant 
Heuerman, Lola Mae, B.S. _______________________________ Research Scholar 
Swanson, Pearl, B.S., M.S., Ph.D. _____________ Research Associate Professor 
Timson, Gladys, B.S., M.S. _____________________________ Research Assistant 
HOUSEHOLD EQUIPMENT SUBSECTION 
(Peet, Louise J., B.A., M .A., Ph.D., R esearch Professor and Head) 
Sater, Lenore, B.S., M.S. __________________ ___ Research Assistant Professor 
Johnson, F. E., B.A. (Cooperator) ________ Electrical Engineering Department 
Woodrow, J. W ., B.A., Ph.D., LL.D. (Cooperator) _______ Physics Department 
TEXTILES AND CLOTHING SUBSECTION 
(Rathbone, Rosalie, B.S., M.A., Research Professor and Head) 
Edgar, Rachel, B.A., B .S., Ph.D. ______________ Research Assistant Professor 
Ross, Jeanette, B.S. _____________________________________ Research Fellow 
HORTICULTURE AND FORESTRY SECTION 
(Pickett, B. S ., B.S.A., M.S., Research Professor and Head) 
FLORICULTURE SUBSECTION 
(Volz, E. C., B.S., M.S., Research Professor and H ead) 
K eyes, C. G., B.S., M.S. ________________________ __________ Research Fellow 
FORESTRY SUBSECTION 
(MacDonald, G. B., M. F., Research Professor and Head) 
Bateman, Bryant, B.S. __________________________________ Research Fellow 
POMOLOGY SUBSECTION 
(Maney, T. J., B.S. , Research Professor and Head) 
Lantz, H. L., B.S., M.S. ______________________ Research Assistant Professor 
Plagge, H . H., B.S., M.S., Ph.D. _________ _____ Research Assistant Professor 
Stoutemyer, V. T., B.S., M.S. __________________________ Research Assistant 
Richey, H. W., B.Sc.A. (Cooperator) ______________ Horticulture Department 
VEGETABLE CROPS SUBSECTION 
(Erwin, A. '1'., B.S., M .S., Research Professor and Head) 
Haber, E. S., B.S., M.S., Ph.D. ________________ Research Assistant Professor 
Morgan, N. D .. B.S., M.S. ______________________________ Research Assistant 
